ABSTRACT: Population structure of the sea urchin Paracentrotus lividus seems to vary depending on the habitat, as, on average, urchin density is higher on rocks, and size is larger in Posidonia oceanica seagrass. Here, we tested the hypothesis that P. lividus would choose P. oceanica rather than rocky habitat due to the greater availability of shelter and food in the seagrass. We conducted 2 experiments by using aquaria divided into 2 equal sections, each containing an array of 2 habitats: natural P. oceanica (P) and rocks (R) in the first experiment and natural (NP) and artificial (AP) P. oceanica in the second (to highlight the reason for preference). Each experiment included 2 experimental stages of no-choice (Stage 1) and choice (Stage 2): in the 2 no-choice treatments, sections were filled with the same habitat, and in the 2 choice treatments, sections were filled with P and R in Expt 1 and NP and AP in Expt 2. Under the null hypothesis that preference of habitat is random, the expected numbers of sea urchins that were distributed in the 2 sections of the habitat after 24 h were estimated by using formulae derived from maximal likelihood estimates. The results evidenced a preference by P. lividus for P. oceanica habitat rather than rocky habitat in the first experiment and for natural P. oceanica rather than artificial seagrass in the second experiment, thus suggesting that P. lividus individuals searched for a well-structured habitat where they could find both shelter and food.
INTRODUCTION
Different distribution patterns of marine organisms among habitats can be explained, after widespread recruitment, by adult choice of favoured habitat actively selected from a variety of potential accessible habitats (Crowe & Underwood 1998) . In addition, the patterns of distribution and abundance of animals are frequently explained by the behaviour of the species considered, or of those species that they interact with (Chapman 2000) . Further, since habitat selection depends on the availability of different quality habitats, the distribution and abundance of organisms are often not independent of the neighbouring habitats (Russell et al. 2005) . In fact, movement among habitat patches is not simply a function of an organism itself, but also depends on the landscape through which it should move. Moreover, the dispersal process depends on the interaction between species attributes and landscape structure, or connectivity, originally defined as 'the degree to which the landscape facilitates or impedes movement among resource patches' (Taylor et al. 1993 ). Connectivity is a major determinant of the immigration rate of organisms to habitat patches, and this accentuates the dependence of movement on landscape structure, which suggests that connectivity is species-and landscape-specific (Tischendorf & Fahrig 2000 , Kadoya 2009 ). Thus, spatial arrangement of habitat (i.e. size and patchiness) influences habitat utilisation and causes the spatial distribution of organisms .
Seagrass meadows usually host a greater number of invertebrates and fish species than unvegetated substrates (Smith et al. 2008) . Further, seagrass beds form naturally patchy habitats with large areas of seagrass− sand or seagrass−rock edges. Thus, since seagrass patches embedded with rocky habitats can affect the movement of animals that use both these habitats as living sites, the knowledge of the movement patterns of such organisms within the 2 habitats is crucial in understanding and predicting their population dynamics in space and time. Connectivity among habitats may influence the patterns of species distribution across ecosystems, as the habitat choice for some species can only be possible if habitats are contiguous: for example, connectivity between rocky habitats and seagrasses can be reduced or prevented by the presence of sandy areas between them (Fagan et al. 1999 , Fernandez et al. 2001 , Ceccherelli et al. 2009a ).
Numerous studies have investigated patterns of spatial distribution among habitats by both marine and terrestrial organisms (see review by Underwood et al. 2004) . Often, the 'preference' is used to explain the observed patterns of distribution. Specifically, the existence of a preference requires (and implies) an outcome of behaviour of an organism (Singer 2000) . Thus, preference for or choice of habitats means that animals have actively selected 1 (or more) habitat(s) from a variety of potential habitats encountered (Rosenzweig 1981 , Manly et al. 1993 . Experimental demonstration of preference requires no-choice and choice tests (Underwood & Clarke 2005) . In laboratory experiments, some form of 'choice chamber' has usually been used wherein the same type (no-choice test) or different types (choice test) of habitats are offered to individuals who are released to move freely (Crowe & Underwood 1998 and references therein).
In the Mediterranean, the sea urchin Paracentrotus lividus (Lamarck) is common in shallow subtidal rocky habitats and in Posidonia oceanica (L.) Delile seagrass beds where it often dwells on rhizomes among shoots. In rocky habitats, it grazes in complex algal assemblages (e.g. Benedetti-Cecchi et al. 1998 , Hereu 2006 , whereas in P. oceanica beds, it feeds on epiphytes (Nédelec & Verlaque 1984 , Shepherd 1987 , Tomas et al. 2005 , 2006 and along the whole leaf (Pinna et al. 2009 ). P. lividus population structure seems to differ between these 2 habitats: mean density of individuals is higher on rocks than in P. oceanica meadows (Tomas et al. 2004 , Boudouresque & Verlaque 2007 , Ceccherelli et al. 2009a , whereas mean size is larger in this latter habitat, where about 70% of individuals are > 60 mm in test diameter (Tomas et al. 2004 , Ceccherelli et al. 2009a ). However, determinants for such a pattern of distribution still need to be fully understood. For example, higher P. lividus recruitment to rocky habitats than seagrass has been estimated, as settlement in P. oceanica meadows is often unsuccessful due to the physical structure of the seagrass (Tomas et al. 2004 ). Therefore, the adult populations in P. oceanica meadows could be the result of migration from the contiguous rocky habitats (Tomas et al. 2004 , Ceccherelli et al. 2009a ). In addition, although extensive literature is devoted to understanding the importance of many of these features in the P. lividus population of rocky habitats (Crook et al. 2000 , Fernandez et al. 2001 , Guidetti 2004 , Tomas et al. 2004 , migration from one habitat to another is still poorly understood.
Sea urchins' movements can be triggered and influenced by a range of factors. For example, Kitching & Ebling (1961) suggested that migrations are dependent on urchin density and food availability; a lack of food causes the need for long foraging trips (Palacín et al. 1997 ). Further, Barnes & Crook (2001) showed that sea urchin size, covering behaviour (i.e. placing items from the surrounding environment onto their dorsal surface), and season can be important determinants of migratory behaviour. However, the presence of predatory fish influences sea urchin behaviour by causing the urchins to shelter themselves, thus diminishing their diel foraging activity (Carpenter 1984 , Scheibling & Hamm 1991 , Sala 1996 . Thus, Paracentrotus lividus shows a circadian pattern of activity, with more active individuals during the night (Dance 1987 , Hereu 2005 , probably as a defence against diurnal predators. Recently, short-distance movements toward seagrass patches have been estimated for both small and large P. lividus individuals (Ceccherelli et al. 2009b) , although whether they occurred intentionally or randomly is not known.
Overall, until experiments are conducted on habitat preference by Paracentrotus lividus and on the mechanisms involved, any movement toward the seagrass from the rock cannot be seen as a choice determined. In the Posidonia oceanica habitat, P. lividus could benefit from effective shelter, given the high habitat complexity and food availability (e.g. Cebrián et al. 1996 , Prado et al. 2007 , Farina et al. 2009 ).
We conducted 2 laboratory experiments to study habitat preference by Paracentrotus lividus. Testing for a behavioural preference requires that individuals exercise non-random behaviour in choosing the habitat when presented with an array of 2 or more types of habitats; thus, a null hypothesis is required against which to test for departures from random expectation. Experimental demonstration of preference thus requires 2 experimental stages that provide no-choice and multiple-choice tests (Liszka & Underwood 1990 , Underwood & Clarke 2005 .
To explain habitat preference, we considered only Paracentrotus lividus individuals who were distributed in an area where patches of Posidonia oceanica were next to rocky habitat. In each experiment, the sea urchins were provided with an array of 2 habitats: natural P. oceanica (P) and rocks (R) in the first experiment (Expt 1) and natural P. oceanica (NP) and artificial P. oceanica (AP) in the second experiment (Expt 2). Each experiment included 2 experimental stages of no-choice (Stage 1) and choice (Stage 2).
Specifically, we hypothesised that if there were a preference for Posidonia oceanica, then the number of Paracentrotus lividus individuals remaining after 24 h would be greater in sections occupied by natural P. oceanica. Thus, P. lividus would choose (1) P. oceanica rather than a rocky habitat for the higher shelter and food availability and (2) natural P. oceanica due to the lack of food availability in the artificial P. oceanica. In Expt 2, the artificial seagrass, which reproduces the natural canopy structure, should offer the same chance of sheltering to sea urchins and, thus, to us, the opportunity to discern the role of food attraction in their movements.
MATERIALS AND METHODS
For the set up of both experiments, adults of Paracentrotus lividus, Posidonia oceanica shoots and boulders covered by macroalgal assemblages were collected from the field and taken to the laboratory to reproduce P. oceanica and rocky habitats, respectively. The collection of all samples was done in a small bay in the Gulf of Alghero (north western Sardinia, Italy), where at ~5 m of depth, patches of the 2 habitats are naturally arranged, and individuals of P. lividus occur in both. In the field, the average P. oceanica shoot density was quantified (490 ± 3.52 shoot m −2 , mean ± SE, n = 10) in order to reproduce in the laboratory the natural shoot density of the seagrass. The epiphytes present on the leaves were not removed. Their cover was very low, and they were mostly composed by encrusting Corallinales and Bryozoa, and neither Dictyotales nor algal turfs were found. To reproduce the rocky habitat, boulders with an external face of about 25 × 15 cm were collected and arranged in aquaria so that the sizes of cavity openings between boulders ranged from 5 × 3 cm to 7 × 5 cm, which was similar to the natural array where they had been collected. Further, only boulders totally covered by macroalgae were chosen. Macroalgal assemblages were composed of several palatable species, such as Padina pavonica, Laurencia spp., Dictyotales, Sphacelariales and algal turfs (Verlaque 1987 , Benedetti-Cecchi et al. 1998 , Bulleri et al. 1999 ). The artificial P. oceanica was made by using plastic seagrass units, mimicking natural seagrass, so that shelter but no food could be provided. Artificial leaves were made of green plastic strips and arranged to form shoots with the density and length of leaves resembling natural P. oceanica at the site where natural seagrass shoots were collected.
Two experiments were conducted by using closed re-circulating aquaria of 1 × 1 × 0.5 m in size (ca. 500 l of seawater) divided into 2 equal sections, each containing an array of 2 habitats: natural Posidonia oceanica (P) and rocks (R) in Expt 1 and natural (NP) and artificial (AP) P. oceanica in Expt 2. All aquaria had a constant supply of oxygen throughout the whole experiment, and they were kept at 17 to 18°C on a 12:12 h light−dark cycle. In addition, salinity (35 psu), pH (7.9) and oxygen (8.6 mg l −1 ) were kept constant. For each experiment, 4 treatments (with 3 replicates each) were used: 2 no-choice (treatment 1 and treatment 2, hereafter T1 and T2) and 2 choice treatments (T3 and T4). In the no-choice treatments of both experiments, the 2 sections were occupied by the same habitat (P/P, R/R, and NP/NP, AP/AP, for Expts 1 and 2, respectively), whereas in the choice treatments, the 2 sections were occupied by the 2 different habitats (P/R and NP/AP for Expts 1 and 2, respectively; Fig. 1 ). We exposed Paracentrotus lividus individuals to habitats in 2 stages for each experiment: Stage 1, in which we estimated the number of sea urchins that were distributed in the 2 sections of habitats when only 1 type of habitat was offered (nochoice treatments: T1 and T2) and Stage 2, in which we estimated the number of P. lividus that were distributed in the 2 sections of habitats when 2 different habitats were offered (choice treatments: T3 and T4).
For both experiments, the natural and the artificial shoots were attached to a 50 × 100 cm frame of plastic-coated iron with a 2 × 2 cm mesh. For the AP habitat, each shoot was made of 3 folded 60 cm strips (corresponding to 6 leaves of 30 cm), and in total, 245 shoots were tied to fill a whole section. The same frame used to tie Posidonia oceanica shoots was positioned on the aquarium floor even under the boulders, to minimise the effect of possible artefacts. Further, to ensure that the artificial leaves reduced irradiance similarly to natural P. oceanica leaves, light measurements were taken in the aquarium beneath the 2 types of seagrass canopy by using a quantum photometer (NP = 29.5 ± 2.05 lx and AP = 28.0 ± 2.60 lx, mean ± SE, n = 6).
The aquarium floor size was judged crossable by Paracentrotus lividus individuals in 24 h (experiment duration), as the mean linear distance travelled in this time reaches up to 130 cm (estimate taken in areas with high predator density by Hereu 2005) . Large P. lividus individuals (49.8 ± 0.2 mm in test diameter, mean ± SE, n = 240) were used, because a higher number of adult individuals are distributed in Posidonia oceanica meadows that are contiguous to rocky habitats (Ceccherelli et al. 2009a) . Sea urchins were collected and kept starved for 48 h before starting the experiments. At the start of both experiments, 10 P. lividus individuals were positioned in the middle of 1 section of each aquarium (Fig. 1) . In total, 120 individuals were used for each experiment, for independent measurements (Underwood et al. 2004) . After the placement, the position of the individuals was recorded after 3, 6, and 24 h (h3, h6 and h24, respectively). To localise the individual position in the whole aquarium, a plastic quadrate divided into 16 subquadrates of 25 × 25 cm was used. At the end of each experiment, the gut content of all individuals was observed by dissecting the sea urchins and examining the material under a microscope at 40 ×.
Statistical analyses
Under the null hypothesis that habitat preference is random, the expected numbers of sea urchins that were distributed in the 2 sections of habitat after 24 h were estimated by using formulae described by Underwood & Clarke (2005) derived from maximal likelihood estimates. For both experiments, data from Stages 1 and 2 were used in analyses by using these formulae. Thus, the null hypothesis of no preference was that the ratio of the proportion of Paracentrotus lividus individuals, who stayed in a section of habitat when choice was possible, was equal to that calculated when only 1 type of habitat was presented: (1) where p 1 and p 2 are the proportions of P. lividus individuals who stayed in the initial section of a habitat when it was presented in a no-choice treatment (estimates provided from Stage 1); q 1 and q 2 are the proportions of P. lividus individuals who stayed in the initial section of a habitat when there was a choice (estimates provided from Stage 2); and θ is a constant, unknown parameter. The numbers of sea urchin individuals recorded in the initial section after 24 h were then compared with the numbers expected on the basis of no preference (i.e. the null hypothesis) by using χ 2 tests with k − 1 degrees of freedom, where k is the number of habitats available.
RESULTS
As predicted, a clear trend in preference for Posidonia oceanica by Paracentrotus lividus was evidenced (Table 1, Fig. 2) . In each experiment, there were significant differences in the number of individuals found among treatments. In Stage 1, in the nochoice treatments (T1 and T2) of both experiments, a relatively large number of P. lividus individuals was found in the section in which they had been initially placed (63.3% in P*/P and NP*/NP, 70.0% and 76.7% in R*/R and AP*/AP, respectively, where the asterisks indicate the sections in which the sea urchins were placed at the start of the experiment). In Stage 2, when presented with a choice of habitats (choice treatments: T3 and T4 in both experiments), a large number of P. lividus individuals tended to stay in the section in which they had been initially placed when it was occupied by P. oceanica (78.3 and 66.7% in P*/R and NP*/AP, respectively). In contrast, sea urchins tended to move to the other section when they had been initially placed in rocks and artificial Fig. 1 . Description of treatments (T1 to T4) used in the 2 experiments. In Expt 1, P: Posidonia oceanica, R: rocky habitat. In Expt 2, NP: natural Posidonia oceanica, AP: artificial P. oceanica. *indicates the section where the sea urchins were placed at the start of the experiment P. oceanica (21.7 and 33.3% in P/R* and NP/AP*, respectively; Table 1 , Fig. 2) . The χ 2 tests demonstrated that a significantly greater number of sea urchins was recovered of those initially placed in the sections occupied by Posidonia oceanica than in those occupied by rocky habitat or artificial P. oceanica (Table 1) . Thus, the analyses reject the null hypothesis of both experiments and demonstrate that Paracentrotus lividus exercises non-random behaviour when a choice is present. Further, sea urchins' movements were different in choice treatments than in no-choice treatments. In fact, in choice treatments, a lesser change of position was recorded when sea urchins were positioned in P. oceanica; whereas when they started from rocky sections or artificial seagrass, they soon moved toward P. oceanica, as evidenced by the decrease in the number of individuals over time (Fig. 2) .
In addition, the material found at the end of the experiments in the gut content of the individuals used re vealed that a large number fed on Posidonia ocean ica, as indicated by the high percentage of guts containing fresh leaves: 53.3% (T1), 0% (T2), 66.6% (T3) and 74.2% (T4) in Expt 1 and 53.3% (T1), 0% (T2), 46.6% (T3) and 33.3% (T4) in Expt 2. The percentage of macroalgae in the gut contents was 33.3% (T1), 76.7% (T2), 26.7% (T3) and 32.6% (T4) in Expt 1 and 33.3% (T1) and 0% (in T2, T3 and T4) in Expt 2.
DISCUSSION
Our results clearly supported the initial hypotheses that Paracentrotus lividus moves more often into Posidonia oceanica habitat than into rocky or artificial seagrass habitat. A great number of sea urchins moved toward the seagrass where a choice was available (T4 in Expt 1). The outcome was the result of different sea urchins' movements and occupation of habitats. In fact, P. lividus individuals, when positioned in P. oceanica (T1 and T3), tended not to move immediately, whereas when positioned in rocky sections (T4), they moved away soon and, in rocky habitat, they settled in the cavities among boulders rather than on the surfaces, thus exhibiting cryptic behaviour. Overall, this demonstrates a preference for P. oceanica. Many studies have suggested possible non-random patterns of association between Paracentrotus lividus and the habitats available based on spatial dis tri bution data (Fernandez et al. 2001 , Tomas et al. 2004 , and this study is the first attempt to experimentally demonstrate a preference for Posidonia oceanica by the sea urchin. Our results are in accordance with Ceccherelli et al. (2009b) , who found a large number of P. lividus individuals migrat- , where k is the number of choices of habitat. , and 24 h (h3, h6, and h24) in the section where they were initially placed (mean + SE). T1, T2, T3 and T4 refer to treatments. Dark grey bars refer to data used for analyses ing toward P. oceanica patches in the field, although in that study it was not known whether this occurred as a result of intentional searching for that habitat. Data now available indicate that in the laboratory, when P. lividus individuals were outside a refuge, as they were at the start of our experiments, they searched for a well-structured habitat where they could find both shelter and food. Specifically, even if we did not mark individuals to avoid additional disturbance, the manipulation of the individuals could have alarmed them and, thus, have affected their movements, thereby causing the search for a refuge (but see Bulleri et al. 2009 ).
The mechanisms that could have driven the choice of Paracentrotus lividus for Posidonia oceanica over rocky habitat were defined in Expt 2. In fact, in Expt 1, where the habitats used were both natural and provided different palatable material and different options for shelter, P. lividus could have been attracted either by the structure of the seagrass or by the leaf material. In fact, the gut content of the sea urchins has evidenced that feeding on P. oceanica did occur in treatments where it was available (T1, T3 and T4 in Expt 1), and some individuals were observed while feeding on the leaves. Leaf material in the gut content was easily recognisable, whereas epiphytes were not detectable. Several authors have already reported that the trophic interactions be tween P. oceanica and P. lividus are mediated by epiphytes that appear to make the leaves more edible for the herbivore (Alcoverro et al. 1997 , Tomas et al. 2005 , 2006 , Prado et al. 2007 ). However, in our study, we do not believe that epiphyte occurrence could have driven sea urchin choice because of their low cover and palatability of taxa. Conversely, a very low quantity of fleshy algae was recorded in the gut content, although the macroalgae on boulders are reported to be palatable for this sea urchin (Frantzis et al. 1988 , Bulleri et al. 1999 , despite the narrow literature about their secondary metabolites (Boudouresque & Verlaque 2007) .
Hence, in Expt 1, the mechanism regulating preference cannot be discerned, as the effect due to chemosensory perception is confounded by the effect of spatial vision on preference. The results of Expt 2 disentangled these mechanisms, suggesting that Paracentrotus lividus was attracted to Posidonia oceanica by chemotaxis. In fact, since the NP and AP habitats had the same structure, and the shade under the 2 canopy types was very similar, spatial vision should not have driven the movements of the sea urchins. The only mechanism responsible for their change in position could therefore be the perception of the natural habitat (palatable material to feed on). In fact, although the extent of their perception of the habitat landscape is still unknown, sea urchins' chemosensory competence is considered a behavioural response to food (Hagen & Mann 1994 , Rodriguez & Ojeda 1998 , Hagen et al. 2002 . In addition, the sea urchins' spatial vision of the environment, which is possible due to the photosensitivity and perception of roughness of the substrate, can induce a willingness to reach shelter (Blevins & Johnsen 2004 , Yerramilli & Johnsen 2010 . Thus, these results evidenced intentional searching for a particular habitat that can provide both shelter and food, thus refining the general belief, previously based simply on gut content, that P. lividus is able to adapt widely to the availability of food resources (Zupo & Fresi 1984) . However, field experiments using natural and artificial habitats are needed to develop a mechanistic understanding of how the presence of the seagrass P. oceanica canopy next to rocky habitats affects the distribution of P. lividus.
Patterns of association can be non-random because of features of the animal-habitat or consumer-diet interaction, by properties of the habitat (or diet) or by behavioural properties of the consumer (and presumably by combinations of these) without preferences being exercised (Underwood et al. 2004) . All of these components should be considered when preferences have been demonstrated and experimental analyses of the processes causing preference are attempted. Accordingly, the highlighted preference of Paracentrotus lividus for Posidonia oceanica over rocky habitats may be the result of positive properties of the seagrass (e.g. it contains food and refuges) or negative properties of other habitats (e.g. exposure to predators, hydrodynamics and availability of less palatable food) or some combination of both. Further, we firmly believe that when a meadow is next to a rocky substrate (as in this case), then the movement of P. lividus across habitats is possible, rather than if there were sand. In fact, the presence of sediments has been reported to affect the distribution of P. lividus (Ceccherelli et al. 2009a , Farina et al. 2009 ) and prevent grazing (Bulleri et al. 2011) . Based on these issues, we expect that the movement of sea urchins will be a function of the occurrence of sandy bottoms among patches of rocky and P. oceanica habitats. It follows that habitat spatial arrangement and the quality of habitats should be considered when analysing P. lividus distribution patterns, because they affect the degree of connectivity, or isolation between habitats. Indeed, the choice of moving toward the seagrass by P. lividus is likely to depend on the structure of the canopy (i.e. shoot density and leaf length), the presence of mattes (i.e. where rhizomes are unburied; Farina et al. 2009 ) and the habitat neighbourhood; we suggest that it could help to explain variability in the spatial distribution of P. lividus between habitats across sites.
Distribution and habitat requirements of a species are important elements for its conservation and, therefore, understanding the nature of a preference extends the comprehension of the interaction between the species and the distribution of the habitats. Overall, conservation of species is often based on conservation of their habitats or microhabitats (Margules et al. 1994 , Olabarria et al. 2002 , Underwood et al. 2004 ) and, thus, understanding the mechanism and movement pattern at small spatial scales can improve the knowledge of the individuals' ability to take advantage of different types of habitat. Investigations should therefore be done not at scales relevant to human perception, but at a scale appropriate to the movement of organisms across the landscape (e.g. Wiens & Milne 1989 , Collinge & Forman 1998 . Knowledge of whether observed non-random patterns of association are caused by preference is of a great value to ecologists for predicting and understanding responses to changes in the availability of resources (Jackson & Underwood 2007) . In addition, a mechanistic understanding of the associations between species and particular types of habitats is essential to improve predictions of species' responses to loss of natural habitats. 
